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taxonomic levels now total close to 8,000 species, with several thousand additional benthic species predicted to be recorded or discovered in the future. The currently known Arctic species richness estimate includes close to 2,000 phytoplankton taxa, over 1,000 ice-associated protists, greater than 50 ice-associated metazoans, ~ 350 multicellular zooplankton species, over 4,500 benthic protozoans and invertebrates, at least 160 macroalgae, 243 fishes, 64 seabirds, and 16 marine mammals. Endemic and abundant species are present in all three environmental realms (sea ice, water column, and seafloor) and across phyla.
The few published time series on Arctic marine biodiversity have detected interannual and interdecadal variability or change both in pelagic and benthic habitats, and at virtually all trophic levels. We identify knowledge gaps and stress the urgency to fill them. We recommend regular, strategic, and sustained monitoring of Arctic marine biodiversity in a public, openaccess fashion in order to provide comprehensive data to inform management, conservation, and other decisions. 
reCeNT aNd ONgOiNg arCTiC MariNe BiOdiVerSiT Y iNiTiaTiVeS
Much of today's marine biodiversity research builds on the tremendous (and ongoing) effort of dozens of taxonomists from the Russian Federation where substantial emphasis on Arctic species identification and description for over a century has produced fundamental knowledge of marine life in the Arctic (e.g., Sirenko, 2001; Vassilenko and Petryashev, 2009; Buzhinskaja, 2011) .
In addition, the early explorers laid the foundation for many of the following research projects by describing their biotic findings in their diaries and expedition reports.
More recently, the Arctic Ocean Diversity project (ArcOD, 2004 (ArcOD, -2011 (Naidu, 1988) . Local accumulations of boulders (Dunton et al., 1982) and rocky islands like Svalbard (Wesławski et al., 2010) 1.9-6.7 6.8-13.0 13. 1-16.9 17.0-20.5 20.6-24.3 24.4-28.3 28.4-31.9 32.0-35.4 35.5-39.3 39.4-45.9 ). One record is one taxon occurrence at one location at a given time. S is a function of sampling effort reflected in N, while eS(n) is a sample-size independent proxy for species richness (Magurran, 2004) . an additional ~ 50,000 records are currently in preparation by the arctic Ocean diversity project. 
Sea ice realm
A specialized, sympagic (ice-associated) community lives within a brine-filled network of pores and channels or at the ice-water interface. Observed taxa include viruses, archaea, bacteria, protists, and metazoans. Ice algal productivity exhibits strong regional gradients with maximum contributions of up to ~ 50% of total primary productivity in the central Arctic, and lower contributions in the seasonally ice-covered seas (Gosselin et al., 1997; Gradinger, 2009) . The yellow arrows show the general direction of the species range change and end in the general area of the new occurrence, but are not meant to suggest exact pathways. for the diatom Neodenticula seminae, no arrow was drawn across the arctic Ocean since the distribution pathway is unclear according to reid et al. (2007) . red triangles indicate increases ( ) or decreases ( ) in population numbers or sightings. After data from: Krasnov and Barrett (1997) , Berge et al. (2005 ), Feder et al. (2005 , Gilchrist and Mallory (2005) , Mecklenburg et al. (2007; , Reid et al. (2007) , Sirenko and Gagaev (2007) , Bluhm et al. (2009) , Moline et al. (2008 ), Ferguson (2009 proteobacteria and the CystophagaFlavobacterium group (Brinkmeyer et al., 2003) . Recently, 22 sea ice bacterial phylotypes were described for seasonal ice from the Franklin Bay region (Collins et al., 2010) . The description of four new ciliate species in a single study of an ice floe near Svalbard (Agatha et al., 1993) and the common occurrence of suctorian and peritrich ciliates on the sympagic amphipod Gammarus wilkitzkii (Arndt et al., 2005) suggest the potential for further discovery in these taxa.
In addition to these protists, at least 50 species of metazoans live within the sea ice brine channels or at the ice-water interface. For sea ice meiofauna, these species include at least eight of Rotifera, three Nematoda, 11 Copepoda, four Polychaeta (larvae and juveniles), and several unidentified Acoela (summarized in Bluhm et al., 2010a) . A similar diversity of metazoan species occurs at the ice-water interface (e.g., 11 species of Amphipoda; Table 1 ) with partial overlap with the pelagic biota. The inventory remains incomplete due to the need for live identification of several dominant sea ice taxa, such as rotifers and acoel flatworms, and the concurrent lack of taxonomists working on those groups in the Arctic. Recently described iceendemic species include the first known sympagic hydroid, Sympagohydra tuuli (Piraino et al., 2008) and one of the few, but very abundant, sympagic nematode species, Cryonema tenue (Tchesunov and Riemann, 1995) . Sea ice endemic species also include several prominent amphipods (Table 1) .
pelagic realm
Typically, phytoplankton production begins with ice melt in April and ends in early September with a growth curve generally characterized by a single peak in primary production (Sakshaug, 2004) . (Table 1) .
A total of 1,874 single-celled marine protist species have been compiled from Arctic phytoplankton studies (Poulin et al., 2011) , again excluding amoebae, ciliates, foraminiferans, and radiolarians.
Some of those 1,874 species also occur in sea ice (e.g., Table 1 ). Poulin et al. (2011) argue that this number is high compared to the most recent estimate of ~ 5,000 phytoplankton species globally by Tett and Barton (1995) . Taxa from four of the six super-groups present in a widely accepted eukaryote classification system were recorded for the Arctic, and diatoms again dominated in all four regions (57%), followed by dinoflagellates (23%). Poulin et al. (2011) caution that the recorded highest species richness in the Canadian Arctic and lowest in the Alaskan Arctic may be biased by the numbers of studies conducted, and they point out that their inventory is primarily comprised of cells > 20 μm (e.g., Table 1 ). Examples of fairly recently described pelagic protist species include several prasinophytes from the Canadian Arctic (Daugbjerg and Moestrup, 1993) .
For protozoan groups not summarized by Poulin et al. (2011) , the two most common pelagic foraminiferans are
Neogloboquadrina pachyderma and
Globigerina quinqueloba (Carstens and Wefer, 1992; Carstens et al., 1997) , which and as yet suggest no cryptic species (Bucklin et al., 2010 ; sequences available in GenBank; barcoding of additional species is ongoing).
Benthic realm
Although mostly neglected in primary production estimates, benthic diatom photosynthesis may be more important than previously assumed. For example, these algae accounted for 16% of the total primary production in a Greenlandic fjord (Glud et al., 2002 ). This species list is more than 400 taxa greater than the previous one by Sirenko (2001) and is again dominated by crustaceans (366 taxa), followed by foraminiferans, annelids, and nematodes. About 60% of the deep-sea taxa overlapped with shelf taxa . Recently, new Arctic benthic species were described from a broad range of taxa and regions, for example a pan-Arctic deep-sea sea cucumber (Rogacheva, 2007) , three mollusks from the Chukchi Sea shelf (Chaban, 2008; Sirenko, 2009) polychaetes (Carr, 2010; Corstophine, 2010; Hardy et al., 2011) . New Arctic fish species continued to be described in the first decade of this century, for example, Lycodes paamiuti (Møller, 2001) and Careproctus kidoi (Knudsen and Møller, 2008) . New studies continue to change the inven- puffins (Divoky, 1982) at the island when the environment had warmed enough to provide sufficient snow-free days for laying eggs and raising chicks (Moline et al., 2008) . Beginning in the 1990s, the number of breeding pairs of black guillemots declined again, possibly because the sea ice that provides critical foraging habitat for the species retreated earlier and farther offshore. Other species such as Skuas, Horned and Tufted Puffin, some gull species, and the otherwise temperate Northern Gannets seem to have moved north, with the latter species now breeding in the White Sea (e.g., Krasnov and Barrett, 1997; Piatt and Kitaysky, 2002) .
VerTeBr aTeS
Marine mammals have frequently been suggested as "ecosystem sentinels"
because they integrate change across trophic levels as well as large areal and temporal scales (Moore, 2008) .
Distribution changes in Arctic pinnipeds
and cetaceans have been linked to ice extent and ice availability plus related factors (e.g., Kovacs et al., 2011) . (Renaud et al., 2007) .
The examples of biomass decrease could perhaps be interpreted in support of the prediction that the current benthosfavoring pelagic-benthic coupling will shift toward a pelagic-dominated system (e.g., Carroll and Carroll, 2003; Grebmeier et al., 2006b) . Regionally, however, biomass changes can also be evidence of spatial community-wide shifts, specifically northward displacement as documented in the Bering Sea (Mueter and Litzow, 2008) . and followed by some of its projects (e.g., Bluhm et al., 2010b) , with regrettably overall weak compliance to date (Carlson, 2011) .
Incomplete species/OTU lists are clearly largest in the microbial realm, including fungi. For the bacteria and archaea, diversity estimates are largely based on the scaling of a limited number of observations (Lovejoy et al., 2011) .
The recent inventory of marine pelagic and sea ice unicellular eukaryotes (Poulin et al., 2011) 
OuTlOOk
Recent updates of Arctic species inventories across all taxonomic levels demonstrate the presence of close to 8,000 eukaryotic species (i.e., excluding Eubacteria and Archaea). Cautious estimates predict that several thousand benthic invertebrate species still remain to be recorded Carr, 2011; Piepenburg et al., 2011) . 
